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Art Unit: 1646 

DETAILED ACTION 

Status of Application, Amendments, And/Or Claims 

Applicants amendments of the specification and the drawings filed 2 December 
2004 have been entered. Applicant's amendment of the claims filed 20 July 2006 is 
acknowledged. 

Election/Restrictions 

Applicant's election of Group I, claims 1-9, without traverse, and species election 
of IFNb, in the response received 20 July 2006 is acknowledged. 

Claims 1 -1 1 are pending. Claims 5,7, 10 and 1 1 are withdrawn from further 
consideration pursuant to 37 CFR 1.142(b) as being drawn to a nonelected invention, 
there being no allowable generic or linking claim. Claims 1-4, 6, 8 and 9 are under 
examination to the extent they read on the elected species. 

Specification 

The disclosure is objected to because of the following informalities: 

The paragraph [045] is missing a number after USSN . 

Correction is required. 

Claim Objections 

Claim 3 is objected to because of the following informalities: claim 3 recites non- 
elected inventions. Appropriate correction is required. 

Claim Rejections - 35 USC §112 
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The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and use the same and shall set forth the 
best mode contemplated by the inventor of carrying out his invention. 

Claims 1-4, 6, 8 and 9 are rejected under 35 U.S.C. § 1 12, first paragraph, as 
failing to comply with the written description requirement. The claim(s) contains subject 
matter which was not described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventor(s), at the time the application 
was filed, had possession of the claimed invention. 

The claims are directed to a composition comprising a prodrug agent comprising: 
a) a protein that induces unwanted side effects due to undesired activity at or close to 
the site of administration; b) a substantially non-immunogenic polymer; c) a covalent 
labile linker between said protein and said polymer. The claims are broad in that the 
recitation of "a protein" encompasses a genus of molecules, known or unknown, with a 
diverse range of structures and functions. What applicant has described in the 
specification are polymer-conjugated therapeutic proteins, such as thrombopoietin 
(TPO), BMP-7, IFN-p and ciliary neorotrophic factor (CNTF). Applicant has not 
described the genus of polymer-conjugated proteins that can be used as prodrug. There 
is no teaching regarding the relationship of structure to function, such as what structure 
feature these molecules have. Further, there is no requirement that these molecules 
have any particular function. Thus, the claims encompass a genus of molecules, which 
vary substantially in composition, and could have very different structural and functional 
characteristics from the conjugation products that Applicant has disclosed. 
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To provide adequate written description and evidence of possession of a claimed 
genus, the specification must provide sufficient distinguishing identifying characteristics 
of the genus. The factors to be considered include disclosure of complete or partial 
structure, physical and/or chemical properties, functional characteristics, 
structure/function correlation, methods of making of the claimed product, or any 
combination thereof. In this case, there is not even identification of any particular portion 
of the structure that must be conserved. Accordingly, in the absence of sufficient 
recitation of distinguishing identifying characteristics, the specification does not provide 
adequate written description of the claimed genus. 

Vas-Cath Inc. v. Mahurkar, 19USPQ2d 1111, clearly states that "applicant must 
convey with reasonable clarity to those skilled in the art that, as of the filing date sought, 
he or she was in possession of the invention. The invention is, for purposes of the 
'written description' inquiry, whatever is now claimed." (See page 1117.) The 
specification does not "clearly allow persons of ordinary skill in the art to recognize that 
[he or she] invented what is claimed." (See Vas-Cath at page 1116). As discussed 
above, the skilled artisan cannot envision the detailed chemical structure of the 
encompassed genus of peptides, and therefore, conception is not achieved until 
reduction to practice has occurred, regardless of the complexity or simplicity of the 
method of isolation. Adequate written description requires more than a mere statement 
that is part of the invention and reference to a method of isolating it. The compound 
itself is required. See Fiers v. Revel, 25 USPQ2d 1601 at 1606 (CAFC 1993) and 
Amgen Inc. v. Chugai Pharmaceutical Co. Ltd., 18 USPQ2d 1016. 
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One cannot describe what one has not conceived. See Fiddes v. Baird, 30 
USPQ2d 1481 at 1483. In Fiddes, claims directed to mammalian FGF's were found to 
be unpatentable due to lack of written description for that broad class. The specification 
provided only the bovine sequence. 

Therefore, only polymer-conjugated therapeutic proteins including TPO, BMP-7, 
IFN-p and CNTF, but not the full scope of the claimed conjugation products, is 
adequately described in the disclosure. 

Claims 1-4, 6, 8 and 9 are further rejected under 35 U.S.C. 112, first paragraph, 
because the specification, while being enabling for a prodrug agent comprising a PEG- 
conjugated IFN-p, does not reasonably provide enablement for a prodrug comprising 
any polymer-conjugated protein. The specification does not enable any person skilled in 
the art to which it pertains, or with which it is most nearly connected, to practice the 
invention commensurate in scope with these claims. 

The claims are broad in that they encompass a prodrug comprising any protein 
conjugated to a polymer through a covalent labile linker. The specification defines 
"protein" as a molecule comprising at least two covalently attaches amino acids, which 
includes proteins, polypeptides, oligopeptides and peptides [020]. Thus, the recitation of 
"a protein" encompasses a genus of molecules, known or unknown, with a diverse 
range of structures and functions. The specification discloses a PEG-conjugation IFNp. 
The specification, however, does not provide any guidance for making or using other 
prodrugs comprising any protein conjugated to a polymer through a covalent labile 
linker. There is^no teaching regarding the relationship of structure to function, such as 



Application/Control Number: 10/811 ,492 Page 6 

Art Unit: 1646 

what structure feature these molecules have. Further, there is no requirement that these 
molecules have any particular function, such as what disease theses molecules can be 
employed in treating. While the prior art (El Tayar et al., WO 99/55377) describes the 
same molecules, it fails to provide compensatory guidance. Further, not all of the 
therapeutic proteins can be chemically modified to achieve the benefits such as 
enhanced plasma half-life, reduced toxicity, and increased drug stability and solubility. 
For example, Kozlowski et al. (Biodrugs, 2001, 15(7):41 9-429) state that "unfortunately, 
insufficient knowledge of protein structure or the inability to selectively place the PEG 
moiety may hinder attempts to eliminate protein immunogenicity (pp. 420, right column, 
1 st paragraph). Since the claims encompass a large genus of molecules with no 
requirement for structure and activity, and the specification does not define what these 
molecules will be, one of skill in the art would evaluate all non-exemplified polymer- 
conjugated proteins for therapeutic uses. Thus, undue experimentation would be 
required for the artisan to make and use the invention as broadly claimed. 

Due to the large quantity of experimentation necessary to generate the nearly 
infinite number of polymer-conjugated proteins recited in the claims and screen same 
for therapeutic uses, the lack of direction/guidance presented in the specification 
regarding which structural features are required in order to provide therapeutic uses, the 
absence of working examples directed to same, the complex nature of the invention, the 
state of the prior art which establishes the unpredictability of the effects of protein 
structure on function, and the breadth of the claims which fails to recite any structural 
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and functional limitations, undue experimentation would be required of the skilled 
artisan to make and/or use the claimed invention in its full scope. 

Claim Rejections - 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 1 and 8 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

The claims recite "a substantially non-immunogenic polymer" or ""said polymer 
substantially interferes with the activity of said protein". The phrase "substantially" is 
held to be indefinite because the specification lacks some standard for measuring the 
degree intended. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1-4, 6, 8 and 9 rejected under 35 U.S.C. 102(b) as being anticipated by El 
Tayar et al. (WO 99/55377, publication date 4 November 1999). WO 99/55377 teaches 
PEG-IFN-p conjugates, where a PEG moiety is covalently bound to Cys 17 of human 
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IFN-p. WO 99/55377 teaches a pharmaceutical composition comprising the PEG-IFN-p 
conjugates for treating infections, tumor and autoimmune and inflammatory diseases 
(pp. 11 line 32 to pp. 12, line 8). WO 99/55377 teaches that IFN-p has antiviral activity 
and can also stimulate natural killer cells against neoplastic cells (pp. 1, lines 17-19). 
WO 99/55377 also teaches that IFN-p and the PEG-IFN-p conjugates are capable of 
inducing cellular proliferation or differentiation (see Example 3). Therefore, WO 
99/55377 anticipates the instant claims. 
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Conclusion 



NO CLAIM IS ALLOWED. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Xiaozhen Xie, Ph.D whose telephone number is 571- 

272- 5569. The examiner can normally be reached on M-F, 8:30-5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary B. Nickol, Ph.D. can be reached on 571-272-0835. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 

273- 8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

Xiaozhen Xie, Ph. D. 
August 30, 2006 
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Development of Pegylated Interferons 
for the Treatment of Chronic Hepatitis G 

Antoni Kozlowski, Stephen A. Charles and /. Milton Harris 
Shearwater Corporation, Huntsville, Alabama, USA 



Abstract The chemical attachment of polyethylene glycol) [PEG] to therapeutic 

proteins produces several benefits, including enhanced plasma half-life, lower 
toxicity, and increased drug stability and solubility. In certain instances, pegyla- 
tion of a protein can increase its therapeutic efficacy by reducing the ability of 
the immune system to detect and mount an atlack on the compound, 

A PEG-protein conjugate is formed by first activating the PEG moiety so thai 
it will react with, and couple to, the protein. PEG moieties vary considerably in 
molecular weight and conformation, with the early moieties (monofunctional 
PEGs; mPEGs) being linear with molecular weights of 12kD or less, and later 
moieties being of increased molecular weights. PEG2, a recent innovation in 
PEG technology, involves the coupling of a 30kD (or less) mPEG to lysine that 
is further reacted to form a branched structure that behaves like a linear mPEG 
of much larger molecular weight. These compounds are pH arid temperature stable, 
and this factor along with the large molecular weight may account for the re- 
stricted volume of distribution seen with drugs utilising these reagents. 

Three PEG-protein conjugates are currently approved for clinical use in the 
US, with more under clinical development. Pegademase is used in the treatment 
of severe combined immunodeficiency disease, pegaspargase for the treatment 
of various leukaemias, and pegylated interferon-a for chronic hepatitis C 
virus infections. As illustrated in the case of the 2 pegylated interferon-as, all 
pegylated proteins are not equal. The choice of PEG reagent and coupling chem- 
istry is critical to the properties of the PEG-protein conjugate, with the molecular 
weight of the moiety atTecting its rate and route of clearance from the body, and 
coupling chemistry atTecting the strength of the covalent attachment of PEG to 
therapeutic protein. 



1. Introduction to Protein Pegylation: 
Properties of Poly(ethylene glycol) 
(PEG) Moieties 

Pegylation was developed in the 1970s by 
Abuchowski and colleagues^ 11 to enhance the de- 
livery of therapeutic proteins. The changes in phar- 
macokinetics and pharmacodynamics produced by 
pegylation have prompted research on the use of 



PEG-protein conjugates in several therapeutic 
areas,. including oncology and infection. 

Both protein and nonprotein molecules can be 
pegylated, although research efforts have focused 
primarily on PEG-protein conjugates. Pegylation, 
by increasing the molecular weight (MW) of the 
protein, typically reduces its excretion, permitting 
a decrease in dosage frequency. Thermal and pH 
stability is enhanced, helping to increase the termi- 
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nal half-life of the protein. By forming a 'shell' 
around the protein, pegylation can also decrease 
the immmunogenicity of the protein an protect it 
from proteolytic degredation. Drug toxicity is re- 
duced, presumably as a result of the reduction in 
plasma concentration fluctuations induced by 
multiple daily administrateions. 

The specific characteristics of poly(ethylene 
glycol) [PEG] moieties relevant to pharmaceutical 
applications are: 

• water solubility 

• high mobility in solution 

• lack of toxicity 

• lack of immunogenicity 

• ready clearance from the body 

• altered distribution in the body.l 2 ' 3 * 

Studies of PEG moieties in solution have shown 
that each ethylene oxide unit is tightly associated with 
2 to 3 water molecules. This hydration, coupled with 
the rapid motion of the PEG molecule in aqueous 
medium, gives the PEG molecule the solubility prop- 
erties of a molecule 5 to 1 0 times as large as a soluble 
protein of comparable MW. This size effect is 
readily revealed by several techniques such as size 
exclusion chromatography and gel electrophoresis. 

The lack of toxicity of PEG has been established 
through many years of experience in the food, 
cosmetic and pharmaceutical industries. M The ob- 
served low immunogenicity of PEG is supported 
by several studies (reviewed by Harris 12,31 ). A point 
of interest is the recent demonstration of the 
generation of anti-PEG antibodies under extreme 
conditions in rabbits. 15 ^ This immune response, 
however, is not considered to be clinically signifi- 
cant, as there are no known examples of antibodies 
against PEG being generated from injection of 
therapeutic proteins into humans. The clearance of 
PEG moieties of differing MWs has been studied. 
Results show that the PEG moiety is cleared, with- 
out structural change, with clearance being propor- 
tional to the MW. Below a MW of about 20kD, the 
molecule is cleared via the kidney and excreted in 
the urine. Higher MW PEGs are cleared more 
slowly through the kidney, with liver clearance in- 
creasing as the PEG MW increases. 16 ' 

© Adis International Limited. All rights reserved. 



Many properties of the native polymer are trans- 
ferred to PEG-protein conjugates, which therefore 
exhibit a variety of desirable characteristics, some 
of which are mentioned above. All of these effects are 
dependent on the M W of the attached PEG moiety. 
The effect of PEG moiety attachment on solubility 
can be dramatic and is frequently observed with 
small molecule pharmaceuticals. The shielding 
ability of a covalently attached PEG moiety can lead 
to reduction or elimination of protein immuno- 
genicityj 1 - 7 ! Unfortunately, insufficient knowledge 
of protein structure or the inability to selectively 
place the PEG moiety may hinder attempts to elim- 
inate protein immunogenicity. The general ap- 
proach is to attach the PEG moiety to some of the 
available lysines on the protein surface and hope 
that the desired result is achieved. Similarly, the 
shielding effect of the PEG moiety leads to reduced 
sensitivity to proteolysis for PEG proteins, and 
this effect is especially strong when high MW, 
branched PEG moieties are used.W Attachment of 
PEG moieties to a small protein will lead to a larger 
PEG-protein conjugate with a reduced rate of renal 
clearance. In sum, these properties enhance the cir- 
culation half-lives of proteins. PEG proteins also 
exhibit altered distribution in the body, 191 and when 
injected subcutaneously exhibit absorption into the 
bloodstream that is dependent on the MW of the 
PEG moieties. PEG proteins have enhanced stabil- 
ity that leads to a longer shelf life. 

2. Chemistry for Pegylation 

To couple a PEG moiety to a protein it is first 
necessary to activate the polymer by converting the 
hydroxyl terminus to some functional group capable 
of reacting with the functional groups found on the 
surface of proteins. The most common method has 
been to activate the PEG moiety with functional 
groups suitable for reaction with lysine and N- 
terminal amino groups. The PEG used is typically 
monofunctional PEG (mPEG) because this poly- 
mer resists cross-linking and aggregation. One 
early example of this approach is the reaction of mPEG 
tresylate with alkaline phosphatase [fig. 1]J 101 

Several lysine residues are typically substituted 

BioDrugs2001; 15(7) 
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H 3 CO — (CH 2 CH 2 0) n — CH 2 CH 2 — OH HO — (CHjCr^O),, — CH 2 CH 2 — OH 

mPEG PEG Diol 



O 
II 

mPEG — CH 2 — O— S— CH 2 CF 3 + PRO— NH 2 ► mPEG — CH 2 — NH — PRO 

O 

Fig. 1. Reaction of mPEG tresylate with alkaline phosphatase (represented as PRO-NH2). 



during these reactions and each molecule of the 
protein can have a different pattern of lysine sub- 
stitution. PEG moieties are polydisperse, which 
means that there is a distribution of MWs about the 
mean. The usual measure of polydispersity is the 
ratio of weight average MW to number average 
MW (Mw/Mn), with a larger ratio indicating a 
broader distribution. Compared with many poly- 
mers, PEG moieties have an unusually narrow 
polydispersity that is typically less than 1.05, and 
frequently close to l.Ol; higher MWs typically 
have broader distributions. 

The heterogeneity in lysine substitution and in 
PEG MWs is of some importance for PEG protein 
pharmaceuticals, and it is generally necessary to 
demonstrate that the pattern for a particular phar- 
maceutical can be measured and reproduced. It is 
possible in some instances, however, to reduce or elim- 
inate heterogeneity in the position of substitution. 

A major problem faced in PEG chemistry is that 
mPEG-OH is often contaminated with PEG diol 
(HO-PEG-OH). Some manufacturers produce low- 
diol mPEG, but some of this impurity is always pres- 
ent. Diol content can range as high as lOto 15%J I| J 
Activation of the diol leads to a difunctional con- 
taminant that is associated with cross-linking and 
aggregation. Diol arises from the presence of water 
contamination during the base-catalysed polymer- 
isation of ethylene oxide to form mPEG, and given 
that there is a lower concentration of initiator 
(methoxide) in preparation of high MW mPEGs, 
water contamination and diol formation is a more 



serious problem in this case. Also, because the diol 
chain can grow at each end, the contaminating diol 
typically has a higher average M W than the desired 
mPEG. 

One characteristic of pegylation chemistry is 
that the diol and the resulting difunctional PEG are 
not removed. Consequently, one must be prepared 
to accept some protein cross-linking in the final 
product or make the effort to remove cross-linked 
product. An alternative is now available to purify 
the activated PEG reagent and remove the difunc- 
tional material. This route has the advantage of 
minimising the loss of expensive protein. 

2.1 Monofunctional PEG (mPEG) 

A wide range of PEG derivatives has been used 
for protein pegylation. Until recently these re- 
agents were linear PEGs with MWs of 12kD or less. 
Examples of 2 PEG reagents are mPEG succinim- 
idyl succinate (SS-PEG) and mPEG succinimidyl 
carbonate (SC-PEG) [fig. 2]. Although these re- 
agents are widely used, including use in US Food 
and Drug Administration (FDA)-approved PEG- 
protein products, they are associated with several 
disadvantages including weak linkages between 
the PEG moiety and protein, potential unwanted 
side reactions, contamination, and restriction to 
low MW PEGs. 

2. /. J mPEG Succinimidyl Succinate 
Activation of acids as succinimidyl esters has 
long been a popular chemistry, and SS-PEG has 
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O O 
II II 
mPEG — 0 — C — CH 2 CH 2 — C — O— N v 

SS-PEG 



mPEG— O — C— O— N 



SC-PEG 




Fig. 2. Examples of two PEG reagents, mPEG succinimldyl 
succinate (SS-PEG) and succinimidyl carbonate (SC-PEG). 



been used for many years. I 12 - 13 ) The polymer is 
synthesised by reacting mPEG with succinic an- 
hydride, followed by activation of the carboxylic 
acid as the succinimidyl ester. Contained in the 
structure of this polymer is a backbone that in- 
cludes an ester linkage. This linkage remains after 
the mPEG is coupled to the protein (via a strong 
amide linkage) and is highly susceptible to hydro- 
lysis after the polymer has been attached to the pro- 
tein (fig. 3). 

2. 1.2 mPEG Succinimidyl Carbonate 

SC-PEG is another widely used activated 
mPEG. {l4 l An advantage of this reagent relative to 
SS-PEG is that it does not contain a degradable 
ester linkage that can lead to the hydrolytic re- 
moval of the PEG moiety from the PEG-protein 



conjugate. The linkage formed between SC-PEG 
and a lysine residue is a urethane linkage (fig. 4). 
Urethanes formed with lysine groups are hydrolyt- 
ically stable. It has recently been observed, how- 
ever, that SC-PEG couples at a low pH to the his- 
tidine moieties of interferon (IFN)-a to form a 
hydrolytically unstable linkage J 1 5 1 This weak link- 
age can be used as an advantage in the preparation 
of a controlled release formulation with a mecha- 
nism similar to a prodrug, or it can be a disadvan- 
tage if stability during purification or storage is a 
concern. Another problem with SC-PEG is that it 
can undergo a Lossen rearrangement (the reaction 
of hydroxamic acids with water-soluble carbo- 
diimides) during coupling to a protein. l,fi| This re- 
arrangement can leave a chemical tag on the pro- 
tein, resulting in protein-protein dimers. 

The other problems typical of PEG chemistry 
are also found with SC-PEG. In particular, there is 
no mechanism for removing difunctional SC-PEG 
formed from the PEG diol contaminant. Since dibl 
contamination is more prevalent with high MW 
mPEG, SC-PEG chemistry is restricted from a 
practical standpoint to low MW mPEGs such as 
mPEG 5000 and 12 000. This is a serious limita- 
tion, as there is now a great deal of interest in using 
higher MW mPEGs where it is only necessary to 
attach a single PEG moiety to a protein to achieve 
the desired effect of pegylation. 

2. 13 mPEG Propionaldehyde 

More advanced forms of pegylation chemistry 
have been designed to avoid the problems of diol 
contamination, restriction to low MW mPEG, un- 
stable linkages and lack of selectivity in substitu- 
tion. One example is mPEG-propionaldehyde, which 
is easier to prepare and use than PEG-acetaldehyde 



Q Q V O O 

mPEG O C CH 2 CH 2 C O j + PRO — NH 2 ► mPEG — O — C — CH 2 CH 2 — C— NH — PRO 

Ester Amide 



Fig. 3. Reaction of mPEG-succinimidyl succinate with a protein (represented as PRO-NH2). 
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mPEG — O — C — O — N 



+ PRO — NH 2 ► mPEG— O— C-NH— PRO 

Urethane 



Fig. 4. The linkage formed between succinimidyl carbonate (SC) and a protein lysine is a urethane linkage. 



because the acetaldehyde is very susceptible to di- 
merisation via aldol condensation. A key property 
of mPEG-propionaldehyde, as disclosed by Kinstler 
et al.l ,7 l in work on pegylation of granulocyte col- 
ony-stimulating factor (G-CSF), is that the alde- 
hyde is highly selective for the N-terrninus of G- 
CSF. Although complete selectivity is not observed, 
the extensive heterogeneity normally seen with 
lysine chemistry is greatly reduced. Coupling of 
aldehyde proceeds through a Schiff base that is 
reduced in situ to give a stable secondary amine 
linkage (fig. 5). 

Kinstler et aU ,7 l utilised mPEG 20 000 for coup- 
ling to G-CSF. Because of the size of G-CSF 
(18kD), this coupling resulted in an approximate 
doubling of the absolute MW of the molecule, and 
the heavy hydration and rapid motion of PEG re- 
sulted in an effective MW that is at least twice that 
of the native protein. It is expected that G-CSF 
with a single mPEG of 20kD would exhibit im- 
proved pharmacokinetic properties and enhanced 
efficacy relative to the native molecule. Clinical 
trials will ultimately determine the effects of 
pegylation on G-CSF. High MW PEG-propional- 



dehyde has also been used for pegylation of the 
rumour necrosis factor receptor for the treatment 
of rheumatoid arthritis. 1 ' 8 ! In all these instances it 
was necessary to have a robust purification proce- 
dure to remove small amounts of contamination 
produced from PEG-diol-associated chemistry. 

2. 1.4 mPEG Vinylsulfone 

Total selectivity in protein pegylation can be 
achieved by the introduction of a cysteine into the 
amino acid sequence of a protein by site-directed 
mutagenesis. In this way it is possible to position 
the mPEG in a location on the protein remote from 
the active or binding site. For example, mPEG 
vinylsulfone can be used to give selective conjuga- 
tion with a cysteine group, with no lysine modifi- 
cation. [I9 1 Another derivative that is useful for 
selective thiol pegylation is mPEG maleimide. 
Generally, this derivative is more reactive and 
easier to use than the mPEG vinylsulfone. Simi- 
larly, thiol pegylation can also be accomplished 
with orthopyridyldisulfide (OPSS) mPEG (OPSS- 
PEG). El Tayar et al.l 2 °l recently prepared a highly 
active pegylated IFN0 using this derivative. In this 
case the available thiol was located in a sterically 



mPEG — CH 2 CH 2 CH + PRO — NH 2 



H 
I 

mPEG — CH 2 CH 2 C=N — PRO 



mPEG— CH 2 CH 2 C=N — PRO ♦ NaCNBH 3 



H 

mPEG — CH 2 CH 2 CH 2 — N — PRO 



Fig. 5. Coupling of propionaldehyde proceeds through a Schiff base that is reduced in situ to give a stable si 
in the resulting mPEG-protein conjugate. 
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crowded region and little modification could be 
achieved with mPEG maleimide or mPEG vinyl- 
sulfone of high MW. The approach ultimately 
adopted was to couple a low MW di-OPSS-PEG 
(MW 2000) to the IFN and then couple a high MW 
PEG thiol to the remaining, terminal OPSS group. 

2. 1.5 mPEG Carboxylic Acid 

The final hurdle to overcome with pegylation 
chemistry is removal of the difunctional derivative 
formed from diol contamination. This can be ac- 
complished by preparing a mPEG carboxylic acid 
and purifying this acid by ion exchange chroma- 
tography. 1211 By using this route it is possible to 
remove the di-acid formed from the diol. Also, we 
have found that there is some improvement in the 
polydispersity of the mPEG carboxylic acids be- 
cause low MW PEG acids bind more tightly to the 
ion-exchange column than do the high MW PEG 
acids. 

The first mPEG carboxylic acid that was pro- 
duced was the succinate discussed earlier (see sec- 
tion 2.1.1). The ester linkage present in this mole- 
cule, however, leads to hydrolysis and degradation 
in an ion exchange column. Carboxymethylated 
PEG has been known for some time. Unfortunately, 
the succinimidyl ester of this compound is so reac- 
tive that it is difficult to use. To correct these prob- 
lems, Harris and Kozlowski^'l prepared mPEG 
propionic acid, and then converted this compound 
into the succinimidyl active ester (SPA). This 
SPA-PEG compound has ideal reactivity and can 
be prepared with a diacid content of less than 1% 
for MW 20 000 PEG. Note that the starting mPEG 
for this product had about 5% of diol, but ion ex- 
change chromatography of the intermediate acid 
reduced the difunctional material to less than 1%. 
SPA-PEG has been used for pegylation of human 
growth hormone receptor antagonist for the treat- 
ment of acromegaly. Clinical trials are complete 
and the PEG-protein conjugate is under regulatory 
review for marketing approval. 122 " 24 ' 



2.2 PEG2 

Another approach to preparing a pure, high 
MW, monofunctional PEG moiety is to couple 
crude mPEG-benzotriazole carbonate (BTC), of a 
MW up to 30kD, to lysine. This yields a high M W 
PEG acid with no hydrotytically degradable link- 
ages. The crude PEG2 acid is contaminated with 
unreacted mPEG-BTC, *PEG1\ in which only a 
single mPEG is coupled to lysine, and the 4 PEG3' 
that is formed from the reaction of activated PEG 
diol (or BTC-PEG-BTC) with 2 lysines followed 
by the coupling of 2 mPEG-BTC molecules to the 
remaining 2 amino groups (thus PEG3 is a diacid). 
During aqueous work-up, the unreacted mPEG- 
BTC is converted back to mPEG-OH, greatly 
simplifying subsequent ion exchange chromato- 
graphy. Thus the reaction mixture contains a di- 
acid, a zwitterion, a neutral mPEG and the desired 
monoacid. Careful ion exchange chromatography 
permits large-scale production of the desired pure 
PEG2-C0 2 H. Activation of the succinimidyl ester 
(PEG2-NHS) is straightforward (fig. 6). 

The PEG2 compound turns out to be a very 
exciting protein pegylation reagent that can be pre- 
pared in monofunctional form up to MW 60kD. 
Experiments have shown that PEG2, attached to a 
protein, 'acts' much larger than a corresponding 
linear mPEG of the same MW. This is due to the 
branching that occurs with the PEG2 moiety. 
Branched chain PEG-protein conjugates have in- 
• creased pH and thermal stability compared with 
linear PEG conjugates. M Furthermore, the branched 

o 
II 

mPEG — O — C— NH 
I 

(CH 2 ) 4 o 

? A K 

mPEG — O — C — NH C— O— N 



Fig. 6. PEG2-NHS is a pure, high molecular weight (MW). 
monofunctional PEG moiety created by coupling mPEG- 
benzotriazole carbonate of MW up to 30 kD to lysine. 
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CH, — 0 — PEG — OH + HO— PEG— OH 



HO— PEG— OCH ♦ H a CO— PEG — OCH 3 



Fig. 7. Benzyloxy-PEG, containing diol impurity, is methylated and then hydrogenated to remove the benzyl group. Thus, the diol is 
converted to the inert dimethyl ether. 



structure of the PEG moiety may contribute to the 
restricted volume of distribution observed with 
PEG molecules. The availability of the very large 
PEG2-NHS means that only a single point of at- 
tachment is required to achieve the desired pegyla- 
tion effect.* 25 ) In addition, the pure PEG2-NHS can 
be converted into a range of other pure, mono- 
functional PEG derivatives including aldehyde and 
maleimide compounds that previously were al- 
ways contaminated with difunctional material. 

Another approach to the solution of the diol prob- 
lem has recently been demonstrated by Bentley et 
al. t26) In this work, a crude PEG benzyloxy, con- 
taining diol impurity, was methylated and then hy- 
drogenated to remove the benzyl group. Thus, the 
diol was converted to the inert dimethyl ether, 
which could be removed after activation and pro- 
tein attachment (fig. 7). 

3. Pharmaceutical PEGs 

3.1 Pegademase 

In light of the properties described above, sev- 
eral PEG-protein conjugates are been approved for 
clinical use by the US FDA or are currently under 
clinical development. Pegademase was approved 
in 1990 for use in severe combined immunode- 
ficiency disease (SCID), a disease associated with 
an inherited deficiency of adenosine deaminase 
(ADA)J 27 * Before the availability of pegademase, 
patients with SCID were treated with partial ex- 
change transfusions of red blood cells that contain 
ADA. These transfusions placed patients at 
risk for iron overload and transfusion-related viral 
infections^ 28 - 29 ! Pegademase has approximately 
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1800-fold more ADA activity per millilitre than 
red blood cells; therefore, the drug produces 
higher concentrations of ADA activity than partial 
exchange transfusion. 1303 

3.2 Pegaspargase 

Pegaspargase is available for the treatment of 
acute lymphocytic leukaemia, acute lymphoblastic 
leukaemia and chronic myelogenous leukaemia. 
The native asparaginase compound is associated 
with a high incidence of allergic reactions and the 
development of neutralising antibodies that short- 
en its half-life, making it difficult to maintain ef- 
fective plasma concentrations. 13 1) Pegaspargase re- 
duces the tendency of the enzyme to induce an 
immune response, thus allowing patients with 
hypersensitivity to the native enzyme to tolerate 
pegaspargase without further incident.* 32 ! 

3.3 Other Therapeutic PEG Conjugates 
in Development 

There are several important PEG proteins in ad- 
vanced stage clinical trials, and it is expected that 
some of these proteins will receive approval within 
the next year. Included in this list of probable ap- 
provals are PEG-growth hormone receptor antag- 
onist for treatment of acromegaly, 1331 free radical 
scavengers, blood derivatives, antineoplastic agents, 
cardiovascular agents and antigens. 1281 

Further evidence of the suitability of PEG- 
protein conjugates for human therapeutics is given 
by the FDA approval of 2 other PEG-containing 
products: stealth PEG-liposomes for delivery of 
doxorubicin for the treatment of Kaposi's sarcoma 
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(pegylated liposomal doxorubicin; Doxil® 1 ) and 
PEG-lactide-glycolide-acrylate (FocalSeal®) used 
as a sealant in lung surgery. 

3.4 Pegylated Interferon-a 

Chronic hepatitis C virus (HCV) infection is a 
rapidly emerging disease that is the leading cause 
of liver cirrhosis and hepatocellular carcinoma. 1341 
The protein IFNa has been used extensively to 
treat HCV; however, monotherapy with IFN is as- 
sociated with a sustained response in only a small 
percentage of patients J 34,351 This poor response is 
probably the result of multiple host (e.g. viral load) 
and viral factors (e.g. HCV genotype) as well as the 
inadequate pharmacokinetics of IFN. In particular, 
serum concentrations of IFN fall below the limit of 
detection within 24 hours of a single subcutaneous 
dose. Thus, even though the current treatment 
regimen calls for subcutaneous injection of IFN 3 
times weekly, the virus has extended periods dur- 
ing which it is not exposed to a sustained therapeu- 
tic concentration of the drug. The addition of 
ribavirin to IFN in the treatment of HCV has in- 
creased the number of patients achieving a sus- 
tained virological response (38 to 43%). I 35 - 361 This 
increase in response, however, is accompanied by 
a higher incidence of adverse events, some of which 
lead to discontinuation of therapy. 

Pegylation of IFN improves the pharmacokinet- 
ics and,- as a result, the pharmacodynamics of the 
drug, most likely leading to an increase in re- 
sponse. In 1999, clinical trials were conducted to 
evaluate the efficacy of lFNa-2a modified by at- 
tachment of mPEG of M W 5kD in patients with 
chronic HCV. Once weekly administration of 
PEG(5kD) IFNa-2a at doses of 15, 45, 90 and 
135|ig did not show improved efficacy over un- 
modified IFNa-2a 3 million international units 
(MIU) 3 times weekly.* 37 ! More recently, clinical 
trials have evaluated a pegylated IFNoc-2a prepared 
by coupling a branched PEG of MW 40kD to 
IFNa-2aJ 38J The results of these trials are highly 

1 Use of tradenames is for product identification only and 
does not imply endorsement. 
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encouraging. I39 - 4 °l Additionally, a linear pegylated 
IFNot-2b of 12kD is currently approved in the 
European Union and the US for the treatment of 
HCV. 

Further developement of pegylated IFNa-2a 
has involved examination of various pegylation 
chemistries. A detailed report of these studies will 
be published elsewhere.! 411 After investigation, the 
moiety chosen for coupling with IFNot-2a was 
PEG2-NHS 40 000. Since the protein has a MW of 
about I9kD, the conjugate is a much larger mole- 
cule. Preclinical studies and modelling indicated 
that this conjugate, PEG(40kD) lFNa-2a would 
have desirable pharmacokinetics and activity. In 
particular, it was predicted that the steady-state 
blood concentration would be essentially constant 
(fig. 8). In practice, the desired result was achieved, 
and nearly constant blood concentrations are at- 
tained with once weekly subcutaneous injec- 
tions.* 42 ! Pegylation with PEG2-NHS 40 000 re- 
duces renal clearance 100-fold relative to native 
IFNa-2a, and gives an elimination half-life of 77 
vs 9 hours. PEG(40kD) IFNa-2a exhibits sustained 
absorption and a restricted volume of distribution 
when administered subcutaneously. This allows 
for a more convenient administration schedule 
(once weekly vs 3 times weekly for unmodified 
IFNcx-2a). 

Clinical results are now available for PEG 
(40kD) IFNa-2a. An open-label, parallel dose, 
global phase III trial randomised 531 patients to 
receive either PEG(40kD) IFNoc-2a 180u,g once 
weekly for 48 weeks (n = 267) or unmodified 
IFNa-2a 6 MIU 3 times weekly for 12 weeks fol- 
lowed by 3 MIU 3 times weekly for 36 weeks (n = 
264). Results showed that PEG(40kD) IFNa-2a is 
associated with a greater virological response at 
week 48 (69 28%, p = 0.00 1 ) and sustained viro- 
logical response at week 72 (39 v.? 1 9%, p = 0.00 1 ) 
compared with unmodified IFNot-2a S* 0] Addition- 
ally, an open-label randomised, parallel dose study 
was performed in 271 patients with chronic HCV 
and biopsy-proven cirrhosis or bridging fibrosis. 
Patients were randomised to receive 48 weeks of 
treatment with IFNa-2a 3 MIU 3 times weekly 
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Fig. 8. Pharmacokinetic profiles for interferon (IFN)-a-2a and 
PEG(40kD)-IFNa-2a. 



(n = 88) or PEG(40kD) IFNa-2a 90ug (n = 96) or 
1 80Lig (n = 87) once weekly followed by a 24-week 
treatment-free period. 44% of patients who were 
treated with 180Lig PEG(40kD) IFNa-2a had a 
virological response at the end of 48 weeks' treat- 
ment (p = 0.001 vs IFNct-2a), and 30% achieved a 
sustained virological response at 72 weeks (p = 
0.001 IFNa-2a). Among the 88 patients who 
received lFNa-2a 3 MIU 3 times weekly, only 1 4% 
achieved a virological response at 48 weeks and 
8% had a sustained virological response at 72 
weeks. I39 l 

It is well known that combination therapy with 
IFN and the antiviral agent ribavirin leads to en- 
hanced efficacy compared with IFN aloneJ 34 ' 36 ! 
Thus, it is of interest to combine PEG(40kD) 
lFNoc-2a with ribavirin in the hope that improved 
results will be seen. Clinical trials to address this 
point are currently under way and the results of a 
small pilot study on PEG(40kD) IFNoc-2a plus 
ribavirin in 20 patients have been announced.! 431 
Sustained virological and biochemical responses 



were observed in 9 of 20 patients. Five of 16 pa- 
tients infected with HCV genotype 1 achieved a 
sustained virological response, as well as all 4 pa- 
tients infected with other HCV genotypes. 

A pegylated form of IFNa-2b has also 
been approved by the FDA J 44 - 45 ! Pegylation tech- 
nology for preparation of a linear !2kD form of 
pegylated IFNa-2b with mPEG-SC 12 000 has 
been patented (PEG interferon-a-2b). ll5 l A special 
feature of this work, as noted above, is that pegyla- 
tion at low pH (around pH 5) leads to extensive 
coupling to histidine via a hydrolytically unstable 
linkage. 

Results from a phase III clinical trial comparing 
pegylated lFNa-2b once weekly with unmodified 
IFNa-2b 3 times weekly 145 ^ showed that at the op- 
timal dose (1.0 |ig/kg), pegylated lFNot-2b gave 
sustained HCV clearance in 25% of 297 patients, 
whereas 12% of 303 patients who received native 
lFNa-2b showed sustained viral clearance (p < 
0.001). 

Results were recently reported for a phase III 
trial involving 1 530 patients who were randomised 
to receive either pegylated IFNa-2b 1.5 Lig/kg 
once weekly plus ribavirin 800 mg/day for 48 
weeks (PEGoc-2b 1.5/R); pegylated IFNa-2b 1.5 
fig/kg once weekly plus ribavirin 1000 to 1200 
mg/day for 4 weeks followed by pegylated IFNa- 
2b 0.5 Lig/kg once weekly plus ribavirin 1000 to 
1200 mg/day for 44 weeks (PEGoc-2b 0.5/R); or 
IFNa-2b 3 MIU 3 times weekly plus ribavirin 1 000 
to 1200 mg/day for 48 weeks. A 54% sustained 
virological response was found overall in the pegy- 
lated IFNot-2b 1.5/R group compared with 47% in 
the IFNcc-2b/ribavirin group (p = 0.01 vs inter- 
feron-oc-2b + ribavirin), whereas 42% (p = 0.02 vs 
IFNa-2b/ribavirin) and 82% of patients in the 
PEGa-2b 1 .5/R group with HCV genotype 1 and 
non-1 , respectively, achieved a sustained virologi- 
cal response. [46 1 It is important to note, however, 
the difference between the highest response rate 
with pegylated IFNa-2b and IFNa-2b/ribavirin 
was only 7%. 

Based on available data, it is obvious that both 
pegylated IFNa-2b and PEG(40kD) IFNa-2a have 
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superior efficacy when compared with unmodified 
IFNcc-2b and IFNa-2a, respectively. The higher 
MW, branched pegylated IFNa-2a may have a bet- 
ter pharmacokinetic and pharmacodynamic profile 
than the lower MW pegylated IFNa-2b, offering a 
true once weekly administration regimen with the 
ability to maintain adequate serum IFN concentra- 
tions and possibly achieving improved sustained 
responses even in more difficult-to-treat patients. 
Confirmation of this supposition will require a 
head-to-head clinical trial between PEG(40kD) 
IFNa-2a and pegylated IFNoc-2b. Clearly, pegyla- 
tion of therapeutic proteins in general is valuable, 
and pegylation of IFN promises to increase treat- 
ment success in a growing population of patients 
diagnosed with HCV infection. 
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POLYOIi- IFN-BETA CONJUGATES 
CROSS -REFERENCE TO RELA TE APPLICATION 

The present application claims priority under 35 
U.S.C. §119(e) from U.S. provisional application no. 60/083,339, 
5 the entire contents of which are hereby incorporated by 
reference . 

FTRtiD OF THE INVENTION 

The invention relates to polyol-IFN-p conjugates 
wherein a polyol unit is covalently bound to Cys" . Further 

10 objects of the present invention are the process for their site- 
specific production as well as their use in the therapy, 
prognosis or diagnosis of bacterial infections, viral 
infections, autoimmune diseases and inflammatory diseases. The 
present invention further relates to a method for the stepwise 

15 attachment of two or more PEG moieties to a polypeptide. 

BACKGROUND OF THE INVENTION 

Human fibroblast interferon (IFN-P) has antiviral 
activity and can also stimulate natural killer cells against 
neoplastic cells. It is a polypeptide of about 20,000 Da 
20 induced by viruses and double -stranded RNAs. From the 
nucleotide sequence of the gene for fibroblast interferon, 
cloned by recombinant DNA technology, Derynk et al. ( Nature , 
285:542-547, 1980) deduced the complete amino acid sequence of 
the protein. It is 166 amino acid long. 
25 Shepard et al. ( Nature . 294:563-565, 1981) described a 

mutation at base 842 (Cys - Tyr at position 141) that abolished 
its anti-viral activity, and a variant clone with a deletion of 
nucleotides 1119-1121. 

Mark et al. ( Proc. Nat l Arvid. Sci . U.S.A., 
30 81(18) -.5662-5666, 1984) inserted an artificial mutation by 
replacing base 469 (T) with (A) causing an amino acid switch 
from Cys - Ser at position 17. The resulting IFN-P was reported 
to be as active as the 'native' IFN-p and stable during long- 
term storage (-70°C) . 
35 Covalent attachment of the hydrophilic polymer 
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polyethylene glycol, (PEG), also known as polyethylene oxide, 
(PEO) , to molecules has important applications in biotechnology 
and medicine. In its most common form, PEG is a linear polymer 
having hydroxyl groups at each terminus: 

5 HO-CH 2 -CH,0 (CH 2 CH 2 0) „CH 2 CH 2 -OH 

This formula can be represented in brief as HO-PEG-OH, 
where it is meant that -PEG- represents the polymer backbone 
without the terminal groups: 

"-PEG-" means "— CH 2 CH 2 0 (CH 2 CH 2 0) n CH 2 CH 2 - 

10 peg is commonly used as methoxy-PEG-OH, (m-PEG) , in 

which one terminus is the relatively inert methoxy group, while 
the other terminus is a hydroxyl group that is subject to 

chemical modification. 

CH3O- (CH,CH 2 0) n -CH 2 CH 2 -OH 
15 Branched PEGs are also in common use. The branched 

PEGs can be represented as R(-PEG-OH) B in which R represents a 
central core moiety such as pentaerythritol or glycerol, and m 
represents the number of branching arms. The number of 
branching arms (m) can range from three to a hundred or more. 
20 The hydroxyl groups are subject to chemical modification. 

Another branched form, such as that described in PCT 
• patent application WO 96/21469, has a single terminus that is 
subject to chemical modification. This type of PEG can be 
represented as (CH 3 0-PEG-)pR-X, whereby p equals 2 or 3, R 
25 represents a central core such as lysine or glycerol, and X 
represents a functional group such as carboxyl that is subject 
to chemical activation. Yet another branched form, the "pendant 
PEG", has reactive groups, such as carboxyl, along the PEG 
backbone rather than at the end of PEG chains. 
30 in addition to these forms of PEG, the polymer can 

also be prepared with weak or degradable linkages in the 
backbone. For example. Harris has shown in U.S. Patent 
Application 06/026,716 that PEG can be prepared with ester 
linkages in the polymer backbone that are subject to hydrolysis. 
35 This hydrolysis results in cleavage of the polymer into 

fragments of lower molecular weight, according to the reaction 
scheme : 
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_p E G-C0 2 -PEG- + H 2 0 - -PEG-C0 2 H + HO-PEG- 
According to the present invention, the term 
polyethylene glycol or PEG is meant to comprise all the above 
described derivatives. 
5 The copolymers of ethylene oxide and propylene oxide 

are closely related to PEG in their chemistry, and they can be 
used instead of PEG in many of its applications. They have the 
following general- formula: 

HO-CH 2 CHR0 ( CH 2 CHRO) ft CH 2 CHR— OH 

10 wherein R is H or CH 3 . 

PEG is a useful polymer having the property of high 
water solubility as well as high solubility in many organic 
solvents. PEG is also non- toxic and non- immunogenic. When PEG 
is chemically attached (PEGylation) to a water insoluble 
15 compound, the resulting conjugate generally is water soluble, as 
well as soluble in many organic solvents. 

PEG-protein conjugates are currently being used in 
protein replacement therapies and for other therapeutic uses. 
For example, PEGylated adenosine deaminase (ADAGEN®) is being 
20 used to treat severe combined immunodeficiency disease (SCIDS) , 
PEGylated L-asparaginase (ONCAPSPAR®) is being used to treat 
acute lymphoblastic leukemia (ALL) , and PEGylated interf eron-a 
(INTRON(R) A) is in Phase III trials for treating hepatitis C. 

For a general review of PEG-protein conjugates with 
25 clinical efficacy see N.L. Burnham, Am. J . Hosp. Pharm. , 15:210- 
218, 1994. 

A variety of methods have been developed to PEGylate 
proteins. Attaching PEG to reactive groups found on the protein 
is typically done utilizing electrophilically activated PEG 
30 derivatives. Attaching PEG to the a- and e-amino groups found 
on lysine residues and the N-terminus results in a conjugate 
consisting of a mixture of products. 

Generally, such conjugates consist of a population of 
the several PEG molecules attached per protein molecule 
35 ("PEGmers") ranging from zero to the number of amino groups in 
the protein. For a protein molecule that has been singly 
modified, the PEG unit may be attached at a number of different 
amine sites. 
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This type of non-specific PEGylation has resulted in a 
number of conjugates that become almost inactive. Reduction of 
activity is typically caused by shielding the protein's active 
binding domain as is the case with many cytokines and 
5 antibodies. For example, Katre et al. in U.S. Patent 4,766,106 
and U.S. Patent 4,917,888 describe the PEGylation of IFN-p and 
IL-2 with a large excess of methoxy-polyethylene glycolyl N- 
succinimidyl glutarate and methoxy-polyethylene glycolyl N- 
succinimidyl succinate. Both proteins were produced in 
10 microbial host cells, which allowed the site-specific mutation 
of the free cysteine to a serine. The mutation was necessary in 
microbial expression of IFN-P to facilitate protein folding. In 
particular, the IFN-3 used in these experiments is the 
commercial product Betaseron®, in which Cys 17 residue is replaced 
15 with a serine. Additionally, the absence of glycosylation 
reduced its solubility in aqueous solution. Non-specific 
PEGylation resulted in increased solubility, but a major problem 
was the reduced level of activity and yield. 

European Patent Application EP 593 868, entitled PEG- 
20 Interferon Conjugates, describes the preparation of PEG-IFN-a 
conjugates. However, the PEGylation reaction is not site- 
specific, and therefore a mixture of positional isomers of PEG- 
IFN-a conjugates are obtained (see also Monkarsh et al., ACS. 
Svmp. Ser. . 680:207-216, 1997). 
25 Kinstler et al. in European Patent Application EP 675 

201 demonstrated the selective modification of the N-terminal 
residue of megakaryocyte growth and development factor (MGDF) 
with mPEG-propionaldehyde. This allowed for reproducible 
PEGylation and pharmacokinetics from lot to lot. Gilbert et al. 
30 in U.S. Patent 5,711,944 demonstrated that PEGylation of IFN-a 
with an optimal level of activity could be produced. In this 
instance a laborious purification step was needed to obtain the 

optimal conjugate. 

The majority of cytokines, as well as other proteins, 
35 do not possess a specific PEG attachment site and, apart from 
the examples mentioned above, it is very likely that some of the 
isomers produced through the PEGylation reaction be partially or 
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totally inactive, thus causing a loss of activity of the final 
mixture . 

Site-specific mono-PEGylation is thus a desirable goal 
in the preparation of such protein conjugates. 
5 Woghiren et al. p-i 9 ™n juaate Chem. . 4 (5) :314-318, 

1993, synthesized a thiol-selective PEG derivative for such a 
site-specific PEGylation. A stable thiol -protected PEG 
derivative in the- form of an orthopyridyl disulfide reactive 
group was shown to specifically conjugate to the free cysteine 
10 in the protein, papain. The newly formed disulfide bond between 
papain and PEG could be cleaved under mild reducing conditions 
to regenerate the native protein. 

Citation of any document herein is not intended as an 
admission that such document is pertinent prior art, or 
15 considered material to the patentability of any claim of the 
present application. Any statement as to content or a date of 
any document is based on the information available to applicants 
at the time of filing and does not constitute an admission as to 
the correctness of such a statement. 

20 STTMMARY OF THE INVENTION 

In the present invention, polyol -IFN- 3 conjugates, and 
particularly PEG-IFN-p conjugates, are provided wherein a polyol 
unit is covalently bound to Cys 17 . The specific conjugation is 
obtained by allowing a thiol -reactive polyol agent to react with 

25 the Cys 17 residue in IFN-|J. Such conjugates are expected to show 
increased effectiveness in vivo. The aim is to obtain increased 
solubility at neutral pH, increased stability (decreased 
aggregation) , decreased immunogenicity, and no loss of activity 
with respect to 'native' IFN- (J. The results of such conjugation 

30 would decrease the number of doses for an intended effect, 
simplify and stabilize the formulation of a pharmaceutical 
composition, and possibly increase the long-term efficacy. 

The present invention further provides a method for 
the stepwise attachment of PEG moieties in series to a 

35 polypeptide. 
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MTCT nESCRIPT TON OF THE DRAWINGS 

Figure 1 shows the Capillary Electrophoresis (CE) 
graph of the PEG-IFN-P conjugate prior to purification. 

Figures 2A-2C show the purification of the PEG-IFN-P 
5 conjugate carried out by size exclusion chromatography (Superose 
12) : Fig. 2A - first pass; Fig. 2B - second pass; Fig. 2C - 
third pass. 

Figure 3 shows the SDS-PAGE chromatography of purified 
PEG-IFN-P conjugate from the third pass of chromatography. 
10 Lanes 1 and 4 are protein molecular weight standards, lane 2 is 
"native" IFN-p, and lane 3 is PEG-IFN-p conjugate. 

Figure 4 reports the Capillary Electrophoresis (CE) 
graph of purified PEG-IFN-P conjugate in which IFN-p is 
PEGylated with mPEG-OPSS Sk . 
15 Figure 5 reports the MALDI MS spectrum of purified 

PEG-IFN-P conjugate. 

Figure 6 shows a comparison between the anti -viral 
activity of "native" IFN-p and of PEG-IFN-p conjugate. WISH 
cells were incubated with indicated concentrations of IFN-P 
20 samples for 24 hours prior to challenge with cytopathic dose of 
vesicular stomatitis virus. The cytopathic effect was 
determined after an additional 48 hours by MTT conversion. 

Figure 7 shows the binding profile of IFN-p and PEG- 

IFN in Daudi cells. 
25 Figure 8 shows the pharmokinetic profile of IFN-P and 

PEG-IFN in mice following intravenous administration. The 

dotted lines indicate assay LOQ for each standard curve. 

Figure 9 shows the pharmokinetic profile of IFN-p and 

PEG-IFN in mice following subcutaneous administration. The 
30 dotted lines indicate assay LOQ for each standard curve. 

TVETATIiED DEPrPTPTION O * THE INVENTION 

The present invention is based on the discovery that 
the attachment of a polyol moiety, more specifically a PEG 
moiety, to the Cys" residue of human IFN-P unexpectedly 
35 increased (or at least retained and did not result in a 

decrease) the IFN-P biological activity from that of native 
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human interferon- (5. Thus, not only does IFN-P with a polyol 
moiety attached to the Cys" residue exhibit the same or 
increased IFN-p biological activity but this polyol-IFN-p 
conjugate also provides the desirable properties conferred by 
5 the polyol moiety, such as increased solubility. 

"IFN-P", as used herein, means human fibroblast 
interferon, as obtained by isolation from biological fluids or 
as obtained by DNA recombinant techniques from prokaryotic or 
eukaryotic host cells as well as its salts, functional 
10 derivatives, precursors and active fractions, provided that they 
contain the cysteine residue appearing at position 17 in the 
naturally occurring form. 

The polyol moiety in the polyol -IFN-P conjugate 
according to the present invention can be any water-soluble 
15 mono- or bifunctional poly (alky lene oxide) having a linear or 
branched chain. Typically, the polyol is a poly (alkylene 
glycol) such as poly (ethylene glycol) (PEG) . However, those of 
skill in the art will recognize that other polyols, such as, for 
example poly (propylene glycol) and copolymers of polyethylene 
20 glycol and polypropylene glycol, can be suitably used. 

As used herein, the term "PEG moiety" is intended to 
• include, but is not limited to, linear and branched PEG, methoxy 
PEG, hydrolytically or enzymatically degradable PEG, pendant 
PEG, dendrimer PEG, copolymers of PEG and one or more polyols, 
25 and copolymers of PEG and PLGA (poly (lactic/glycolic acid) ) . 

The definition "salts" as used herein refers both to 
salts of the carboxyl -groups and to the salts of the amino 
functions of the compound obtainable through known methods. The 
salts of the carboxyl -groups include inorganic salts as, for 
30 example, sodium, potassium, calcium salts and salts with 

organic bases as those formed with an amine as triethanolamine , 
arginine or lysine. The salts of the amino groups included for 
example, salts with inorganic acids as hydrochloric acid and 
with organic acids as acetic acid. 
35 The definition "functional derivatives" as herein used 

refers to derivatives which can be prepared from the functional 
groups present on the lateral chains of the amino acid moieties 
or on the terminal N- or C- groups according to known methods 
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and are included in the present invention when they are 
pharmaceutical^ acceptable, i.e., when they do not destroy the 
protein activity or do not impart toxicity to the pharmaceutical 
compositions containing them. Such derivatives include for 
5 example esters or aliphatic amides of the carboxyl -groups and 
N-acyl derivatives of free amino groups or O-acyl derivatives of 
free hydroxyl -groups and are formed with acyl -groups as for 
example alcanoyl- or aroyl-groups. 

The "precursors" are compounds which are converted 
10 into IFN-P in the human or animal body. 

As "active fractions" of the protein, the present 
invention refers to any fragment or precursor of the 
polypeptidic chain of the compound itself, alone or in 
combination with related molecules or residues bound to it. for 
15 example, residues of sugars or phosphates, or aggregates of the 
polypeptide molecule when such fragments or precursors show the 
same activity of IFN-P as medicament. 

The conjugates of the present invention can be 
prepared by any of the methods known in the art. According to 
20 an embodiment of the invention, IFN-p is reacted with the 

PEGylating agent in a suitable solvent and the desired conjugate 
is isolated and purified, for example, by applying one or more 
chromatographic methods . 

"Chromatographic method" means any technique that is 
25 used to separate the components of a mixture by their 

application on a support (stationary phase) through which a 
solvent (mobile phase) flows. The separation principles of the 
chromatography are based on the different physical nature of 
stationary and mobile phase. 
30 Some particular types of chromatographic methods, 

which are well-known in the literature, include: liquid, high 
pressure liquid, ion exchange, absorption, affinity, partition, 
hydrophobic, reversed phase, gel filtratibn, ultrafiltration or 
thin- layer chromatography. 
35 The "thiol-reactive PEGylating agent", as used in the 

present application, means any PEG derivative which is capable 
of reacting with the thiol group of the cysteine residue. It 
can be, for example, PEG containing a functional group such as 
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orthopyridyl disulfide, vinylsulf one , maleimide. iodoacetimide , 
and others. According to a preferred embodiment of the present 
invention, the thiol -reactive PEGylating agent is the 
orthopyridyl disulfide (OPSS) derivative of PEG. 
5 The PEGylating agent is used in its mono-methoxylated 

form where only one terminus is available for conjugation, or in 
a bifunctional form where both termini are available for 
conjugation, such- as for example in forming a conjugate with two 
IFN-P covalently attached to a single PEG moiety. It has 
10 preferably a molecular weight between 500 and 100,000. 

A typical reaction scheme for the preparation of the 
conjugates of the invention is presented below: 



N-n P H<7 

Protein-SH + tnPEG-S-S-Q mPEG-S-S-Protein 

p-meicaptoethanol 

Protein-S-H + mPEG-S-H + HOCH 2 CH 2 -S-S-CH 2 CH 2 OH 

The second line of the above scheme reports a method 
15 for cleaving the PEG-protein linkage. The mPEG-OPSS derivative 
is highly selective for free sulphydryl groups and reacts 
rapidly under acidic pH conditions where the IFN-P is stable. 
The high selectivity can be demonstrated from the reduction of 
the conjugate to the native form of IFN-P and PEG. 
20 The disulfide bond that is produced between the 

protein and PEG moieties has been shown to be stable in the 
circulation, but it can be reduced upon entering the cell 
environment. Therefore it is expected that this conjugate, 
which does not enter the cell, will be stable in the circulation 

25 until it is cleared. 

It should be noted that the above reaction is site- 
specific because the other two Cys residues appearing at 
positions 31 and 141 in the naturally occurring form of human 
IFN-P do not react with the thiol -reactive PEGylating agent 

30 since they form a disulfide bridge. 
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The present invention is also directed to a method for 
the stepwise attachment of two or more PEG moieties to a 
polypeptide. This method is based upon the recognition that a 
low molecular weight activated PEG reacts more completely with a 
5 sterically hindered reaction site on a protein than does a high 
molecular weight activated PEG. PEG-modif ication of expensive 
therapeutic proteins must be cost effective in order for the 
production of the PEG conjugate to be practical. In addition, 
in order to reduce glomerular filtration and optimize the 
10 pharmacological properties of the PEG-protein conjugate, the 
conjugate should have an effective size equivalent to that of a 
protein with a molecular weight of 70 kDa. This means that for 
a site specific modification where one PEG will be attached, a 
PEG derivative having a molecular weight of greater than 20 kDa 
15 is preferably attached. If the site of modification is 

sterically crowded, the reactive group on the large PEG moiety 
may have difficulty reaching the modification site and thus will 
lead to low yields. A preferred method of PEGylating a 
polypeptide according to the present invention increases the 
20 yield of site-specific PEGylation' by first attaching a small 
hetero or homobifunctional PEG moiety that, due to its 
relatively smaller size, can react with sterically crowded 
sites. Subsequent attachment of a large molecular weight PEG 
derivative to the small PEG results in high yield of the desired 

25 PEGylated protein. 

The method for stepwise attachment of two or more PEG 
moieties in series to a polypeptide according to the present 
invention includes attaching a low molecular weight 
heterbifunctional or homobifunctional PEG moiety first to the 

30 polypeptide and then attaching a monofunctional or bifunctional 
PEG moiety to the free terminus of the low molecular weight PEG 
moiety that is attached to the polypeptide. Following the 
stepwise attachment of two or more PEG moieties in series to a 
polypeptide, which polypeptide is preferably IPH-P and where 

35 Cys", located in a sterically crowded site, is the preferred 
site of PEG attachment, the PEG-polypeptide conjugate can be 
purified using one or more of the purification techniques such 
as ion exchange chromatography, size exclusion chromatography, 
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hydrophobic interaction chromatography, affinity chromatography, 
and reverse phase chromatography. 

The low molecular weight PEG moiety has the formula: 

W-CH 2 CH,0 (CH 2 CH 2 0) .CHjCHj-X, 

5 where W and X are groups that independently react with an amine, 
sulfhydryl, carboxyl or hydroxyl functional group to attach the 
low molecular weight PEG moiety to the polypeptide. W and X are 
preferably independently selected from orthopyridyl disulfide, 
maleimides, vinyl sulfones, iodoacetamides , amines, thiols, 
10 carboxyls, active esters, benzotriazole carbonates, p- 
nitrophenol carbonates, isocyanates, and biotin. The low 
molecular weight PEG moiety preferably has a molecular weight in 
the range of about 100 to 5,000 daltons. 

The monofunctional or bifunctional PEG moiety for 
15 attachment to the free terminus of a low molecular weight PEG 
that is attached to the polypeptide has preferably a molecular 
weight in the range of about 100 daltons to 200 kDa and is 
preferably a methoxy PEG, branched PEG, hydrolytically or 
enzymatically degradable PEG, pendant PEG, or dendrimer PEG. 
20 The monofunctional or bifunctional PEG furthermore has the 
formula : 

Y-CH 2 CH 2 0 (CHjCHjO) „CH 2 CH 2 -Z, 

where Y is reactive to a terminal group on the free terminus of 
the low molecular weight PEG moiety that is attached to the 
25 polypeptide and Z is -OCH, or a group reactive with to form a 
bifunctional conjugate. 

The PEG-polypeptide conjugate produced by the above 
method for stepwise attachment of two or more PEG moieties can 
be used to produce a medicament or pharmaceutical composition 
30 for treating diseases or disorders for which the polypeptides is 
effective as an active ingredient. 

Another object of the present invention is to provide 
the conjugates in substantially purified form in order for them 
to be suitable for use in pharmaceutical compositions, as active 
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ingredient for the treatment, diagnosis or prognosis of 
bacterial and viral infections as well as autoimmune, 
inflammatory diseases and tumors. Such pharmaceutical 
compositions represent a further object of the present 
5 invention. 

Non-limiting examples of the above-mentioned diseases 
include: septic shock, AIDS, rheumatoid arthritis, lupus 
erythematosus and- multiple sclerosis. 

Further embodiments and advantages of the invention 
10 will be evident in the following description. 

An embodiment of the invention is the administration 
of a pharmacologically active amount of the conjugates of the 
invention to subjects at risk of developing one of the diseases 
reported above or to subjects already showing such pathologies. 
15 Any route of administration compatible with the active 

principle can be used. Parenteral administration, such as 
subcutaneous, intramuscular or intravenous injection is 
preferred. The dose of the active ingredient to be administered 
depends on the basis of the medical prescriptions according to 
20 age, weight and the individual response of the patient. 

The dosage can be between 10 pg and 1 mg daily for an 
average body weight of 75 kg, and the preferable daily dose is 

between 20 fig and 200 ng. 

The pharmaceutical composition for parenteral 
25 administration can be prepared in an injectable form comprising 
the active principle and a suitable vehicle. Vehicles for the 
parenteral administration are well known, in the art and include, 
for example, water, saline solution. Ringer solution and/or 
dextrose. The vehicle can contain small amounts of excipients 
30 in order to maintain the stability and isotonicity of the 
pharmaceutical preparation. The preparation of the solutions 
can be carried out according to the ordinary modalities. 

The present invention has been described with 
reference to the specific embodiments, but the content of the 
35 description comprises all modifications and substitutions which 
can be brought by a person skilled in the art without extending 
beyond the meaning and purpose of the claims. 
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The invention will now be described by means of the 
following Examples, which should not be construed as in any. way 
limiting the present invention. 

EXAMPLE 1: Preparation of PEG- IFN-B Conjugate 

5 Modificatio n of IFN-B with mPEG^-QPgS 

Recombinant human IFN-P, stable at a concentration of 
.0.37 mg/ml in 50 mM sodium acetate buffer, pH 3.6, was used for 
the preparation of a PEG-IFN-P conjugate. Approximately 1.0 ml 
of 6 M urea was added to 2 ml of IFN-p at a concentration of 
10 0.37 mg/ml (0.74 mg, 3.7 x l" 9 moles) . mPEG 5K -0PSS was added in 
a molar excess of 50 moles to one mole of IFN-P and the two were 
allowed to react in a polypropylene vial for either 2 hours at 
37°C or 1 hour at 50°C. The reaction mixture was analyzed with 
Capillary Electrophoresis (CE) graph to determine the extent of 
15 PEG-IFN-P conjugate f^tf^tllm by the PEGylation reaction prior 
to any purif icatioriMFig. 1/. A typical yield for this reaction 
is 50% PEG-IFN-p. ^The^re^ction products were filtered from the 
reaction mixture with a 0.22 mm syringe filter and the filtered 
solution was then loaded onto a size exclusion column (either 
20 Superose 12 or Superdex 75, Pharmacia) and elutj 
sodium phosphate, 150 mM NaCl, pH 7.0 buffer.^ 
elution profile from the purification of the Pi 
on a Superose 12 size exclusion chromatography 
peaks were collected and analyzed with SDS-PAG? 
25 fractions containing the PEG-IFN-P conjugate were 

together and concentrate was then reloaded to the same size 
exclusion column to further purify the PEG-IFN-P conjugate due 
to the close proximity of the "native" IFN-P peak (Fig. 2B) . 
This g*oeeaEt*e wa^fperat^d (third pass) to ensure purity (Fig. 
30 2C) . fig. 4 dnd Fig. 5 shbw the Capillary Electrophoresis graph 
and the^flMjdl MS fceectpwrf; respectively, of the purified PEG- 
IFN-P conjugate. 

Modificatio n of IFN-B with mPEG,mczQ£S£ 

Recombinant human IFN-p was provided is stable in 
35 solution at 0.36 mg/ml in 50 mM sodium acetate buffer, pH 3.6. 
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Approximately 36 mg of mPEG 30K -OPSS in 3 ml deionized H 2 0 was 
added to 3 ml of IFN-p at 0.36 mg/ml (1.08 mg, 4.9-xlO' 8 moles) 
and the two were allowed to react in a polypropylene vial for 2 
hours at 50°C. The reaction mixture was analyzed with capillary 
5 electrophoresis for extent of modification. Typical yields for 
• this reaction are <30%. The solution was then loaded onto a 
size exclusion column (Superose 12, Pharmacia) and eluted with 
50 mM sodium phosphate, 150 mM NaCl, pH 7.0 buffer. The peaks 
were collected and analyzed with SDS-PAGE for their contents. 

10 EXAMPLE 2i Biological Activ ity of the PEG-IFN-P Conjugate 

To assess the effects of PEGylation on the anti-viral 
activity of human recombinant IFN-p, human WISH amniotic cells 
were preincubated with either freshly prepared IFN-p (same lot 
as used for PEGylation) or PEG- IFN-P conjugate. The IFN-P- 
15 mediated ant i -viral activity, as measured by the WISH-VSV 

cytopathicity assay, was determined according to an anti-viral 
WISH bioassay developed based on the protocol of Novick et al . , 
J. Immunol. . 129:2244-2247 (1982). The materials used in this 
WISH assay is as follows: 
20 WISH cells (ATCC CCL 25) 

Vesicular Stomatitis Virus stocks (ATCC V-520-001- 
522) , stored at -70°C 

IFN-P, human recombinant, InterPharm Laboratories LTD 
(32,075-type, Batch # 205035), 82 x 10 6 IU/ml, specific 
25 activity: 222 x 10 6 IU/mg 

PEG-IFN-P conjugate as prepared in Example 1 and 

maintained in PBS, pH 7.4 

WISH Growth medium (MEM high glucose with Earls salts 
+ 10% FBS +1.0% L-glutamine + Penicillin/Streptomycin (100 

30 U/ml, 100 ^g/ml) 

WISH Assay medium (MEM high glucose with Earls salts + 
5% FBS +1.0% L-glutamine + Penicillin/Streptomycin (100 U/ml, 
100 ^g/ml) 

MTT at 5 mg/ml in PBS, stored at minus 70°C. 
35 The protocol for the WISH assay is as follows: 

Dilute the IFN-P samples to 2X the starting 
concentration in WISH assay medium. 
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Make three- fold dilutions of IFN-(J samples in WISH 
assay medium in flat -bottomed 96 -well plate so that each well 
contains 50 ^1 of diluted IFN-p sample (some control wells 
receive 50 a*1 of WISH assay medium only) - 
5 Harvest log growth phase WISH cells with trypsin/EDTA 

solution, wash in WISH assay medium, and bring to a final 
concentration of 0.8 x 10 6 cells/ml. 

Add 50 -/zl of WISH cell suspension (4 x 10 4 cells per 
well) to each well. Final concentration of IFN-p exposed to the 
10 cells is now IX. 

After incubation for 24 hours in a 5% C0 2 humidified 
incubator, 50 /zl of a 1:10 dilution (in WISH assay medium) of 
VSV stock (a dose predetermined to lyse 100 percent of WISH 
cells within 48 hours) is added to all wells except for the no 
15 virus control wells (these receive an equal volume of assay 
medium only) . 

After an additional 48 hours, 25 pi of MTT solution is 
added to all wells, after which plates are incubated for an 
additional 2 hours in an incubator. 
20 The contents of the wells are removed by plate 

inversion, and 200 /il of 100% ethanol is added to the wells. 

After 1 hour, the plates are read at 595 nm using the 
Soft max Pro software package and Spectramax spectrophotometer 
system (Molecular Devices) . 

25 Table 1. Antiviral Activity of PEGylated and Mock-PEGylated IFN- 
beta Samples 



IFN-beta Sample* 


EC 50 ** 


PEG-IFN-3 conjugate 


3.9 +/- 0.7 pg/ml 


IFN-p 


16.4 +/- 1.0 pg/ml 



30 * Stock concentrations of IFN-p in samples determined by 
amino acid analysis. 

** EC 50 (+/- S.D.) was determined by software program Microcal 
Origin 4.1 



As demonstrated in Fig, 6 and Table 1 above, the PEG- 
35 IFN-p conjugate maintained a level of anti-viral activity 

superior to that of the freshly prepared parental lot of IFN-P . 
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The observation that the PEG-IFN-P conjugate has approximately 
4 -fold higher bioactivity than that of freshly prepared IFN-P 
may be also a consequence of the increased stability of the PEG- 
IFN-P conjugate with respect to the "native" IFN-P after 
5 addition of WISH cell assay medium. 

EXAMPLE 3: In Vitr o Assays of the Relative Activity of PEQ-IFy 
samples 

Relative bioactivity of PEG [30 JcD] -IFN-P and 
PEG [2 X 20 kD] -IFN-p was determined by WISH assay using the 
10 standard protocol described in Example 2 (Table 2) . Three 

independent assays were performed by three different individuals 
at separate times. 



Table 2. Relative antiviral activity of PEG-IFN-P 





Relative Interferon Activity* (from three studies) 


Sample 


Assay 1 


Assay 2 


Assay 3 


Average (S.D.) 


PEG[30kD]-IFN-P 


3.2 X higher 


3.1 X higher 


1.8 X higher 


3.0 X (0.78) higher 


PEG[2x20kD]-IFN-P 


A2 X higher 


1.3 X higher 


0.85 X higher 


2.1 X (1.8) higher 



*EC50 doses compared with standard IFN-P included in each assay. 
15 **Comparison based on IFN-(i concentration of 330 ug/ml. Stock concentrations 
of PEG[30 kD) -IFN-P (5.41 ug/ml) and PEG [2 x 20 kD]-IFN-p (6.86 ug/ml) were 
determined by AAA. 

The binding of PEG-IFN-3 to its receptor on cells was evaluated 
in the presence of a fixed amount of u »I-IFN-or2a. IFN-a2a was 

20 radiolabeled with 12S I using the chloramine T method. The 125 I 
bound IFNa2a was removed from free iodine by running the 
reactants through a Sephadex G25 column and pooling the protein 
containing fractions (Pharmacia) . l25 I-IFN-or2a was quantified by 
an IFN-a2a ELISA assay (Biosource, USA) and the specific 

25 activity was determined. Daudi cells grown in the exponential 
phase of growth were harvested and 2 x 10 s cells were incubated 
with 0.5 nM 125 I-IFN-a2a for 3 hours at room temperature in the 
presence of different concentrations of PEG-IFN-p or IFN-a2a 
diluted in an assay buffer which is RPMI 1640 containing 2% 
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fetal bovine serum and 0.1% sodium azide. At the end of the 
incubation, the cells were spun through a layer of phthalate. oil 
and the cell bound radioactivity was counted on the gamma 
counter. Furthermore, the binding of PEG [30kD] -IFN-P and PEG [2 
5 x 20kD] -IFN-P to the receptor were very similar or close to the 
binding activity of IFN-P as shown in Fig. 7. 

In addition, relative activity was determined in a 
Daudi cell (human. B cell lymphoma) anti-proliferation assay 
(Table 3) . All IFNs were made at a 2x concentration of 200 
10 ng/ml. Samples were diluted three-fold down the length of the 
plate at a final volume of 100 ul. 1 x 10 s cells/well (100 pie) j 
were added to each well and incubated for a total of 72 hours at. 
37°C in C0 2 humidified incubator. After 48 hours, tritiated ( 3 H) , 
thymidine were added at 1 /iCi/well in 20 ul. At the end of the 
15 72 hour incubation, the plate was harvested with the Tomtek j 
Plate Harvester. The results shown in Table 3 indicate that no 
detectable loss of I FN activity was observed from PEGylation. 
In fact, the activity was found to be somewhat higher than free 
IFN-p. This may be due to the formation of inactive aggregates 
20 in the free I FN or to the differences in quantitation methods 
(amino acid analysis for PEG-IFN samples and RP-HPLC for IFN-P) . 



Table 3. Daudi Anti -Proliferation Assay 





ICjjdose* 


Fold increase vs IFN 


IFN-p (Plate 1) 


1153.1 




PEG[30kDJ-IFN (71 A) 


695.6 


1.6X 


IFN-p (Plate 2) 


1005.8 




PEG[40kD]-IFN (71 B) 


629.4 


1.7X 



*pg/ml 



EXAMPLE 4; Pharmacokin etic Studies in Mice 

Intravenous Administration 
25 Mice were injected with 100 ng of IFN-p, PEG[30kD]- 

IFN-p or PEG [2 X 20 kD] -IFN-P and blood was removed at indicated 
times thereafter. Serum concentrations of IFN-p were determined 
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by I FN- 3 -specific ELIAS (Toray Industries) and the results are 
shown in Pig. s) Twenty-eight female B6D2F1 strain mice (6 r 8 
wks) (approximately 20g each) were separated into four groups as 
follows: Group 1 contained nine mice injected with a 200 ul 
5 single bolus of 500 ng/ml human IFN-P (final dose of 100 ng/ 
mouse) ; Group 2 (nine mice) received 200 ul of an equivalent 
mass of PEG30kD- IFN-P; Group 3 received 200 ul of an equivalent 
mass of PEG (2 x 20 kD) -IFN-P; and Group 4 is a group of three 
uninjected mice serving as a negative control. Blood samples 
10 (approximately 200 ul/sample) were collected at nine indicated 
times by disruption of the retro-orbital venous plexus with a 
capillary tube. Blood samples were allowed to clot for 1 hr at 
room temperature, rimmed and microcentrifuged. Sera removed 
therefrom were stored at -70°C until all samples were collected. 
15 Sera were assayed for the presence of bioactive human IFN-P 

using the Toray assay. The results indicate that the area under 
the curve (AUG) is markedly enhanced in the PEG-IFN samples 
versus free IFN-beta and that PEG-IFN samples versus free IFN-p 
and that PEG [2 X 20 kD] -IFN-P is superior to the PEG [30 kD] -IFN- 
20 p. 

Subcutane ous Administration 

Mice were injected subcutaneous ly with IFN-P and PEG- 
IFN (100 ng/mouse) . Figure 9 demonstrates that the total area 
under the curve (AUC) is dramatically enhanced for the PEG-IFN 
25 samples as compared with free IFN-p. The pharmacokinetic 

studies are consistent with the PEG-IFN samples having a longer 
half -life and increased AUC. 

Example 5: Attachment of Low Molecular Weight PEG Moiety to 
Polypeptide 

30 Tagging Interf eron-beta with OPSS-PEG 2k -Hydrazide 



ProteiirS-S-PEG 2K -C-NH-NH 2 



Protein-SH + 

t 

-PEG 2K -C-NH-NH 2 



* — N 



18 



- WO 99/55377 



PCT/US99/09161 



Recombinant human interferon-P was provided in 
solution at 0.33 mg/ml in 50mM sodium acetate buffer, pH 3.8.. 
Approximately 3.6 mg (40 mole excess to moles of protein) of the 
heterobifunctional PEG reagent, OPSS-PEG 2k - hydra zide, in 2 ml 
5 deionized water was added to 3 ml of IFN-p at 0.33 mg/ml (0.99 
mg) and the two were allowed to react in a polypropylene vial 
for 1 hour at 45°C. The reaction mixture was then analyzed with 
capillary electrophoresis to determine the extent of 
modification. Typical yields ranged from 90-97% that depended 

10 on the purity of the interferon 0 and PEG reagent. The solution 
was next loaded onto a size exclusion column (Superdex 75, 
Pharmacia) and eluted with 5 mM sodium phosphate, 150 mM NaCl, 
pH 7.0 buffer. The peaks were collected and analyzed with SDS- 
PAGE. The monoPEGylated interferon-P fractions were pooled 

15 together than used in a further modification step with high 
molecular weight PEG. 

Tagging Interferon-B w ith (OPSS) o-PEG^nn 




Recombinant human interferon-P was provided in 
solution at 0.33 mg/ml in 50 mM sodium acetate buffer, pH 3.8. 

20 Approximately 6.1 mg (40 mole excess to moles of protein) of the 
homobifunctional PEG reagent, (OPSS) 2 -PEG 34 oof in 2 ml deionized 
water was added to 3 ml of interferon-p at 0:33 mg/ml (0.99 mg) 
and the two were allowed to react in a polypropylene vial for 2 
hours at 50°C. The reaction was monitored with non-reducing 

25 SDS-PAGE and the final reaction mixture was analyzed with 
capillary electrophoresis to determine the extent of 
modification. Typical modifications for this reaction with 
interferon-p were >95%. The solution was then loaded onto a 
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size exclusion column (Superdex 75, Pharmacia) and eluted with 
50 mM sodium phosphate, 150 mM NaCl, pH 7,0 buffer. The peaks 
were collected and analyzed with SDS-PAGE for their contents. 
The monoPEGylated interferon- (J fractions were combined. 

5 EXAMPLE 6; Attachment of Sec ond PEG Moietv to Low Molecular 
Weight PEGylatinq polypeptide 

Modification of ; i ;pT-p-ff-PEQ...-Hvdra7.1de with ™pEG l ft lf -Aldefryde 
(ALP) 

ProteiirS-S-PEG^-C-Ntt-NHa 

+ CZ^ ProleirrS-S-PEG^-C-NH-N^CH-mPEGjoK 

mPEG 30 K~CH 2 CH 2 CH 

To the combined fractions of IFN-S-S-PEG 2k -Hydrazide in 
10 Example 5 was added mPEG 30k -ALD in a 20 mole excess to protein. 
The reaction was conducted at room temperature (25°C) for 4 
hours and a sample was added to a size exclusion column 
(Superose 6, Pharmacia) to determine modification yield. The 
modification yield of this reaction was typically >80% depending 
15 upon the purity of the PEG reagent and reaction conditions. 

Having now fully described this invention, it will be 
appreciated that by those skilled in the art that the same can 
be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the spirit 
20 and scope of the invention and without undue experimentation. 

While this invention has been described in connection 
with specific embodiments thereof, it will be understood that it 
is capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the 
25 inventions following, in general, the principles of the 
invention and including such departures from the present 
disclosure as come within known or customary practice within the 
art to which the invention pertains and as may be applied to the 
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essential features hereinbefore set forth as follows in the 
scope of the appended claims. 

All references cited herein, including journal 
articles or abstracts, published or unpublished U.S. or foreign 
5 patent applications, issued U.S. or foreign patents, or any 
other references, are entirely incorporated by reference herein, 
including all data, tables, figures, and text presented in the 
cited references.. Additionally, the entire contents of the 
references cited within the references cited herein are also 

10 entirely incorporated by reference. 

Reference to known method steps, conventional method 
steps, known methods or conventional methods is not in any way 
an admission that any aspect, description or embodiment of the 
present invention is disclosed, taught or suggested in the 

15 relevant art. 

The foregoing description of the specific embodiments 
will so fully reveal the general nature of the invention that 
others can, by applying knowledge within the skill of the art 
(including the contents of the references cited herein) , readily 

20 modify and/or adapt for various applications such specific 
embodiments, without undue experimentation, without departing 
from the general concept of the present invention. Therefore, 
such adaptations and modifications are intended to be within the 
meaning and range of equivalents of the disclosed embodiments, 

25 based on the teaching and guidance presented herein. It is to 
be understood that the phraseology or terminology herein is for 
the purpose of description and not of limitation, such that the 
terminology or phraseology of the present specification is to be 
interpreted by the skilled artisan in light of the teachings and 

30 guidance presented herein, in combination with the knowledge of 
one of ordinary skill in the art. 
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WHAT IS CL AIMED IS: 

1. A polyol-interferon-P conjugate having a polyol 
moiety covalently bound to Cys 17 of human interf eron-P . 

2. The polyol- interferon- P conjugate according to 
claim 1, wherein said polyol moiety is a polyalkylene glycol 
moiety. 

3. The- polyol -interferon- P conjugate according to 
claim 2, wherein said polyalkylene glycol moiety is a 
polyethylene glycol (PEG) moiety. 

4. The polyol- interferon- P conjugate according to 
any of claims 1-3, wherein the polyol - interferon- p conjugate has 
the same or higher interferon- P activity as native human 
interferon- p. 

5. A process for producing the polyol -interf eron-p 
conjugate of claim 1, comprising the steps of: 

reacting interferon- p with a thiol -reactive polyol 
agent to site specifically and covalently attach a polyol moiety 
to Cys 17 of human interf eron-p to produce a polyol- interf eron-p 
con j ugat e ; and 

recovering the produced polyol - interferon- P conjugate. 

6. The process according to claim 5, wherein the 
thiol -reactive polyol agent is a thiol -reactive PEGylating 
agent . 

7. The process according to either claim 5 or claim 
6, wherein the thiol -reactive polyol agent is mono-methoxylated. 

8 . The process according to either claim 5 or claim 
6, wherein the thiol -reactive polyol agent is bif unctional . 

9 . The process according to either claim 5 or claim 
6, wherein the thiol -reactive polyol agent is a polyol 
derivative having a functional group selected from the group 
consisting of orthopyridyl disulfide, vinyl sulfone, maleimide, 
and iodoacetimide. 

10. The process according to either claim 5 or claim 
6, wherein the thiol -reactive polyol agent is an orthopyridyl 
disulfide derivative of a mono-methoxylated polyol. 
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11. The process according to claim 5, wherein the 
reacting step is carried out at an acidic pH where interferon- P 
is stable. 

12. A pharmaceutical composition, comprising a 
polyol- interferon conjugate according to any one of claims 1- 
3 f as an active ingredient, and a pharmaceutical^ acceptable 
carrier, excipient or auxiliary agent. 

13. A method for treating infections, tumors and 
autoimmune and inflammatory diseases, comprising administering 
an effective amount of the pharmaceutical composition according 
to claim 12 to a subject in need thereof. 

14. A method for stepwise attachment of polyethylene 
glycol (PEG) moieties in series to a polypeptide, comprising the 
steps of: 

reacting a polypeptide with a low molecular weight 
heterobifunctional or homobifunctional PEG moiety having the 
following formula: 

W-CH 2 CH 2 0 (CH 2 CH 2 0) n CH 2 CH 2 -X, 
where W and X are groups that independently react with an amine, 
sulfhydryl, carboxyl or hydroxyl functional group to attach the 
low molecular weight PEG moiety to the polypeptide; and 

reacting the low molecular weight PEG moiety attached 
- to the polypeptide with a monofunctional or bifunctional PEG 
moiety to attach the monofunctional or bifunctional PEG moiety 
to a free terminus of the low molecular weight PEG moiety and 
form a PEG -polypeptide conjugate. 

15. The method according to claim 14, wherein the 
monofunctional or bifunctional PEG moiety has the following 
formula : 

Y- CH 2 CH 2 0 ( CH 2 CH 2 0 ) B CH 2 CH 2 - Z , 
wherein Y is reactive to a terminal group on the free terminus 
of the low molecular weight PEG moiety attached to the 
polypeptide and Z is -OCH 3 or a group reactive with X to form a 
bifunctional conjugate. 

16. The method according to claim 15, wherein the 
monofunctional or bifunctional PEG moiety is methoxy PEG, 
branched PEG, hydrolytically or enzymatically degradable PEG, 
pendant PEG, or dendrimer PEG. 
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17. The method according to claim 14, wherein W and* X 
are independently selected from the group consisting of 
orthopyridyl disulfide, maleimides, vinylsulfones, 
iodoacetamides, hydrazides, aldehydes, succinimidyl esters, 
epoxides, amines, thiols, carboxyls, active esters, 
benzotriazole carbonates, p-nitrophenol carbonates, isocyanates, 
and biotin. 

18. The method according to claim 14, wherein the low 
molecular weight PEG moiety has a molecular weight in a range of 
about 100 to 5,000 daltons. 

19. The method according to claim 14, wherein the 
monofunctional or bifunctional PEG moiety has a molecular weight 
in a range of about 100 daltons to 200 kilodaltons. 

20. The method according to claim 14, wherein the low 
molecular weight PEG moiety and/or the monofunctional or 
bifunctional PEG moiety is a copolymer of polyethylene glycol. 

21. The method according to claim 20, wherein the 
copolymer of polyethylene glycol is selected from the group 
consisting of polyethylene glycol/polypropylene glycol 
copolymers and polyethylene glycol/poly (lactic /glycol ic acid) 
copolymers . 

22. The method according to claim 14, further 
comprising a step of purifying the PEG-polypeptide conjugate 
following the stepwise attachment of two PEG moieties in series 
to a polypeptide. 

23. The method according to claim 22, wherein said 
step of purifying comprises one or more purification techniques 
selected from the group consisting of ion exchange 
chromatography, size exclusion chromatography, hydrophobic 
interaction chromatography, affinity chromatography, and reverse 
phase chromatography. 

24. The method according to any one of claim 14-23, 
wherein the polypeptide is. interferon- p. 

25. Use of the PEG-polypeptide conjugates produced by 
the method according to any one of claims 14-23 as a medicament. 
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